The distant metastasis (DM) mode and treatment efficacies in the advanced biliary tract cancer (BTC) were obscure, and a credible evaluation is urgently needed. Method: A total of 6348 advanced BTC patients (ICC, intrahepatic cholangiocarcinoma, n = 1762; PHCC, perihilar cholangiocarcinoma, n = 1103; GBC, gallbladder cancer, n = 2580; DCC, distal cholangiocarcinoma, n = 538; AVC, carcinoma of Vater ampulla, n = 365) were enrolled from the Surveillance, Epidemiology, and End Results (SEER) database. Propensity score matching (PSM) process was carried out for less bias. Result: The proportion of M1 patients in each subtype at first diagnosis was 26.4% (ICC), 37.2% (PHCC), 41. 0% (GBC), 24.5% (DCC), and 12.7% (AVC), and the constitution of DM sites in different subtypes varied apparently. Moreover, the survival of metastasis sites was different (P < .05 in all the subtypes) where the multi-metastasis and distant lymph node (dLN) only always indicated the worst and best prognosis, respectively. Chemotherapy presented the most significant survival impact with the lowest hazard ratio by multivariate cox model and still provided a survival improvement after PSM (all P < .001) in all subtypes. However, the median months manifested different between patients with and without chemotherapy among the subtypes (ICC, from 5 to 9; PHCC, from 6 to 10; AVC, from 4 to 9; GBC, from 6 to 7; DCC from 6 to 8).
| METHOD

| Patients and data collection
Eligible patients were enrolled from the Surveillance, Epidemiology, and End Results (SEER) database of the US National Cancer Institute. The TNM information of the SEER cohort was obtained based on the following codes: only, lung only, brain only, bone only, multi-metastasis, and others, based on SEER combined mets at DX-bone (2010+), SEER combined mets at DX-brain (2010+), SEER combined mets at DX-liver (2010+), SEER combined mets at DX-lung (2010+), CS mets at DX (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , and mets at DXdistant LN (2016+). In the 7th AJCC staging system, "intrahepatic metastasis" was defined as T2b disease in ICC; however, these cases were recorded as liver only metastasis in the SEER database inconsequently, and we had to conduct analysis according to the record of SEER database.
Inclusion criteria included: (a) patients diagnosed with BTC between 2010 and 2016; (b) accurate tumor stage classification according to the 7th AJCC staging system; and (c) complete available follow-up information. Patients whose BTC were not the first and only malignant primary tumor or who were lost to follow-up were excluded in the cohort 1. Note that patients who died within 2 months after initial diagnosis confirmed or received radiation or palliative surgery were excluded in the propensity score matching (PSM) process for less bias in the cohort 2.
The following clinicopathological variables were collected: clinic-pathological factors (age at initial diagnosis, year at initial diagnosis, gender, race, tumor size, tumor differentiation, TNM stage, and metastasis site), economic factors (marital status, income, insurance, region, and residence city), and treatments (radiation, palliative surgery, and chemotherapy). Data regarding the detailed regimes of radiation, palliative surgery, and chemotherapy were unavailable. Survival duration was calculated from the date of initial diagnosis until the date of death or last follow-up. The flow chart of inclusion and exclusion is shown in Figure 1 .
| Statistical analysis
Continuous variables were analyzed by Student's t test, and categorical variables were calculated by Chi-squared test. Survival duration was calculated by the median overall survival (OS), and survival curves were constructed using the Kaplan-Meier method. Analyses were performed using MedCalc 15.2.2 (MedCalc Software bvba, Ostend, Belgium) and GraphPad Prism 8.0.0 (GraphPad Software, San Diego, California USA, www.graph pad.com). PSM process was performed by MatchIt package in R version 3.4.0 (Bell Laboratories, Murray Hill, NJ). A two-sided P-value less than 0.05 was considered statistically significant.
| RESULTS
| Baseline characteristics
Our study included 6348 BTC patients with DM (ICC: 1762, PHCC: 1103, GBC: 2580, DCC: 538, AVC: 365) who were diagnosed between 2010 and 2016. As depicted in Table 1 , most of the factors appeared to differ significantly among the | 1337 WANG et Al.
five subtypes except residence, which suggested enormous diversity inside the BTC.
| Distant metastasis mode
DM mode was an important form of the diversity. As shown in Figure 2A , the proportion of M1 patients in each subtype at first diagnosis was 26.4% in the ICC, 37.2% in the PHCC, 41. 0% in the GBC, 24.5% in the DCC, and 12.7% in the AVC, respectively. The GBC had the highest DM rate and the highest liver only rate (22.1%), which meant that more than 2/5 of the GBC patients had the DM, and over half of them were the liver only DM. The DM rate and the liver only rate of the PHCC were slightly less than that in the GBC, while its multi-metastasis rate was the highest. Although the ICC and the DCC had similar DM rate (more than 1/3), the most common DM site of the ICC and the DCC were the multimetastasis (9.1%) and the liver only (11.3%), respectively. Conversely, only less than 1/5 of the M1 ICC patients had the liver only DM, and nearly half of the M1 DCC patients had the liver only DM. More than 1/3 of the M1 DCC patients had the multi-metastasis, while only 1/6 of the M1 ICC patients had the multi-metastasis. The AVC had the lowest DM rate (12.7%), and nearly half of them were liver only DM.
As other metastasis sites, the dLN only was commonly seen in the ICC (3.8%), the PHCC (3.9%), and the GBC (4.4%); the bone only was mostly found in the ICC (1.6%); the lung only rate was similar in all the subtypes (1.2%-2.4%), and the brain only was extremely rare in all the subtypes (all ≤0.1%). In addition, there were still part of patients without accurate record of the metastasis sites in all the subtypes.
The multi-metastasis could be found in some patients at initial diagnosis. The most common combination was liver plus lung, and the second one was liver plus dLN. This was in accord with the fact that liver, dLN, and lung were the top three DM sites in most of the BTC (Figure2B and Figure S2 -S7), indicating that the combinations of the multi-metastasis were closely related to the DM rate of a single site. However, although the rate of liver plus lung was higher than that of Figure 2B , Figure S2 -S7), suggesting that the multisite metastasis might be progressed step by step but not randomly combined. All the specific combinations of different sites are shown in Figure 2B , and more detailed information about metastasis mode is shown in Figure S2 -S7. Although all the M1 BTC patients shared a compromised prognosis, survival of different metastasis sites displayed significantly different (P < .001 in the ICC, P = .005 in the PHCC, P < .001 in the GBC, P = .011 in the DCC, and P < .001 in the AVC, respectively) ( Figure 3 ). In our survival analysis, multi-metastasis always indicated a shortest survival, while dLN only always indicated a better prognosis. Moreover, the bone only in the ICC, GBC, and DCC, the lung only in the PHCC, and the liver only in the GBC were also poor predictors for OS. The brain only was excluded in this analysis for the insufficient patient numbers.
| Univariate and multivariate cox analysis
Univariate and multivariate cox analysis were conducted to further identify the potential factors that might influence survival besides metastasis sites. In the univariate cox analysis, age, race, marital status, insurance, tumor size, differentiation, T stage, N stage, metastasis sites, and treatments (radiation, palliative surgery, and chemotherapy) were identified to be significantly associated with OS in at least two subtypes (Table S1 ). Besides, sex in the ICC, and year at diagnosis and residence in the GBC were also significant predictors. These factors proved to be significant predictors above were then entered into the multivariate cox proportional hazards model of different subtypes separately. As shown in Table 2 , the independent prognostic indicators were demonstrated in the ICC (age, sex, differentiation, metastasis site, radiation, palliative surgery, and chemotherapy), the PHCC (age, race, region, tumor size, metastasis site, palliative surgery, and chemotherapy), the GBC (age, income, tumor size, differentiation, N stage, metastasis site, palliative surgery, and chemotherapy), the DCC (palliative surgery and chemotherapy), and the AVC(differentiation, metastasis site, palliative surgery, and chemotherapy). Based on the results, the clinic-pathological factors (age, race, sex, differentiation, tumor size, and metastasis site) and the treatments (palliative surgery and chemotherapy) play important roles in patient survival, while the economic factors' (region and income) influence was rather limited. Interestingly, T stage and N stage also only had limited influence. Furthermore, factors identified above in the ICC, PHCC, and GBC were more abundant compared with that in the DCC and the AVC, where the treatments had the most significant influence in patient prognosis.
| Chemotherapy efficacy in different BTC subtypes
Treatments for the M1 BTC patients included radiation, palliative surgery, and chemotherapy. Radiation only worked in the ICC with a higher hazard ratio (HR) than chemotherapy (Table 2) , and palliative surgery was always considered harmful in the NCCN clinical practice guideline of hepatobiliary cancers, and only very few patients received it (Table 1) . Chemotherapy was the main choice at present, and it proved to be a significant method to pro- To further assess the therapeutic value of chemotherapy, Kaplan-Meier survival analysis was adopted and median survival was calculated simultaneously. Patients lived less than 2 months or received radiation or palliative surgery were excluded in this analysis to reduce possible bias between chemotherapy group and no chemotherapy group. However, significant difference of baseline characteristics existed between two groups in the total cohort (Table 3 ) and all the subtypes (Table S2 -S6). PSM was conducted to correct bias in each subtype separately with an appropriate caliper of 0.04, and then all the baseline characteristics between two groups presented no difference in the five subtypes (Table S2 -S6). The total cohort was integrated from the five subtypes (Table 3) .
Survival analysis was carried out subsequently, and the results are presented in Figure 4 . In the total cohort, chemotherapy was significantly associated with improved survival months (chemotherapy vs no-chemotherapy: 8, 95%CI: 8-9 vs 5, 95%CI: 5-6 for median OS) (P < .001). The improvement on OS after receiving chemotherapy also existed in each subtype (all P < .001); however, the level of survival improvement manifested different among the subtypes. The median OS for the ICC, PHCC, and AVC were elevated from 5 months to 9 months, from 6 months to 10 months, and from 4 months to 9 months after receiving chemotherapy, respectively. While, the elevation of survival time for the GBC and the DCC was only from 6 months to 7 months and from 6 months to 8 months, respectively, demonstrating insufficient efficacy of current chemotherapy regimens for the GBC and the DCC.
| DISCUSSION
Correct understanding for the DM mode of the advanced BTC is helpful for accurate diagnosis and optimal treatment selection. Meanwhile, in consideration of the fact that clinical researches about treatment strategies in the BTC always included multiple subtypes, a valid and credible evaluation to the efficacy of current therapy in each subtype is urgently needed. In this study, we described the DM modes of the BTC in a large population, revealed the survival differences among DM sites, and found the different efficacy of current treatments in each subtype.
The DM mode of each subtype was apparently unique. Although liver only and dLN only were the top two metastasis sites in all the subtypes, DM rates of these subtypes extremely varied, ranging from 12.7% to 41.0%, and the proportions of the metastasis sites differed distinctively. About the differences of DM modes, there were some theoretical bases in clinical features and anatomy. Obstructive jaundice might develop at an early stage in the DCC and the AVC, while the GBC and the PHCC are always symptom-free or just manifested by some nonspecific symptoms, such as sour regurgitation, nausea, and abdominal pain. 9 Pathological difference might be an important factor, because the GBC and the PHCC are always more malignant and have a higher recurrence rate and a higher mortality rate after resection. Adjacency to visceral organ and complex vascular lymphatic system might also play an important role. The underlying mechanism is complicated and requires further investigations. Despite the poor prognosis of the advanced BTC in whole, these metastasis sites still manifested different survival. Multi-metastasis always indicated the shortest survival in our study, and dLN only always indicated a better prognosis, which might suggest the different disease progression, although they were both in M1 stage. Also, some metastasis sites showed different survival among the subtypes, which indicated the peculiarity of the DM mode of each subtype. Besides metastasis sites, there were some other clinic-pathological factors, economic factors, and treatments relating to the patient survival. Most of the factors have been proved to influence the prognosis of the resectable BTC patients before, such as marital status, differentiation, and treatment, but the influence of T stage and N stage in the advanced BTC was fairly limited and not clearly as that in resectable cases. [10] [11] [12] Interestingly, there is no factor having a significant survival effect in all the five subtypes except treatments. Choosing a proper treatment seemed the only thing that we could do for the advanced BTC patients, and a valid and credible evaluation to the efficacy of different therapies is of great value.
Radiation and palliative surgery did not work in the BTC according to our study, the previous researches, and the NCCN guideline. 13 The remaining choice for M1 BTC patients was chemotherapy. As the gold standard, GemCis regimen (gemcitabine-cisplatin) could elevate the median survival of the unresectable BTC patients from 8.1 to 11.7 months compared with gemcitabine monotherapy and did not reduce the quality of life. 14 of benefit from the GemCis regimen was seen in the BT-22 study. 16 Besides, the GEMOX (gemcitabine-oxaliplatin) also proved to be active and well tolerated in the unresectable BTC. 17 However, these clinical researches included all the subtypes regardless of the different pathological basis, which severely limited the clinical application. In spite of the unavailability of the detailed regimes of chemotherapy in our study, improvement on survival after receiving chemotherapy also existed in each subtype. However, the level of survival improvement manifested different among the subtypes. In the PSM analysis, the median OS of patients receiving chemotherapy was nearly two times longer than those not receiving chemotherapy in the ICC, PHCC, and AVC, but the elevation of survival time for the GBC and the DCC was no more than 2 months. In view of the insufficient efficacy of chemotherapy, the role of targeted therapy and the immunotherapy needs further study. Targeted therapy and the immunotherapy showed effective results in some cancers, but the effect of them on the advanced BTC is still obscure. The effect of the EGFR inhibitors, the HER-2 inhibitors, and the VEGF inhibitors did not demonstrate a better prognosis compared with GEMOX regimen, but part of patients could get a complete or partial remission. [18] [19] [20] [21] [22] Immunotherapy might be a promising treatment for the advanced BTC because the expression of PD-1/PD-L1 elevated in the BTC tissue. Further researches are being carried out all over the world. 23, 24 This study has some inevitable limitations primarily caused by the nature of the SEER database. First, the study was limited by its retrospective nature. It is necessary to validate our results in a prospective study or another large-volume database. Second, there were still potential bias caused by the lack of some clinical characteristics, including palliative surgical procedures and the data regarding the detailed regimes of chemotherapy and radiation. Third, subgroup analyses for the chemotherapy efficacy of different metastasis sites in each subtype were not conducted for the insufficient patient numbers. At last, the record of peritoneal carcinomatosis was unavailable in SEER database, which is one of the common metastatic sites by BTC. Given these limitations, more efforts should be undertaken to validate our conclusion prior to clinical application.
| CONCLUSION
In conclusion, we provided a detailed landscape of the DM mode of the advanced BTC in a large population, found the survival differences among DM sites, and revealed the different chemotherapy efficacy of the BTC subtypes.
